Sudden death as a result of multiple system atrophy (MSA) is usually attributed to vocal cord paralysis or disruption of breathing owing to the degeneration of the brainstem respiratory centers. However, the exact pathophysiology of sudden death is still unclear. In addition, specific causes of sudden death are not always investigated by an autopsy. We herein report a patient with MSA and non-aneurysmal subarachnoid hemorrhaging, which is believed to be a rare cause of death in this setting. Without an autopsy, our case would likely have been diagnosed as sudden death due to vocal cord paralysis. To develop effective strategies to prevent sudden death, a post-mortem investigation is important in order to exclude known structural causes of death.
Introduction
Sudden death is commonly seen in patients with multiple system atrophy (MSA). According to a recent retrospective study of 131 patients with MSA in China, sudden death is the second leading cause of death (14.5%) after respiratory infection (65.6%) in this patient population (1) . Furthermore, sudden death occurs more frequently in patients with nocturnal stridor than in those without (42.9% vs. 9.1%) (1) .
Sudden death as a result of MSA is usually attributed to vocal cord paralysis or disruption of breathing owing to the degeneration of the brainstem respiratory centers (2) . Therefore, tracheostomy and non-invasive positive pressure ventilation (NPPV) are typical therapeutic approaches. However, the exact pathophysiology of sudden death is still unclear (3) . In addition, specific causes of sudden death are not always investigated at ab autopsy or by post-mortem imaging (3). Sudden death from other causes may also be important in MSA.
We herein report a patient with MSA and non-aneurysmal subarachnoid hemorrhaging (SAH), which is believed to be a rare cause of death in this setting.
Case Report
A 66-year-old woman with a 4-year history of MSA was found dead in her bed one morning. The patient had a history of nocturnal stridor and had been treated with NPPV. However, her condition had been stable the night before. Her medications consisted of fludrocortisone (0.1 mg/day) and amezinium metilsulfate (10 mg/day) for orthostatic hypotension. A previous neurological examination had revealed cerebellar ataxia, bradykinesia, rigidity, and postural instability. Furthermore, autonomic failure, including urinary incontinence and orthostatic hypotension, was observed. Although home blood pressure monitoring data were lacking, supine hypertension had been observed in the outpatient clinic (systolic blood pressure >160 mmHg). Previous magnetic resonance imaging of the brain revealed a "hot cross bun" sign and atrophy of the cerebellum and pons ( Figure A ).
An autopsy revealed hematoma formation secondary to SAH at the base of the brain ( Figure B) . Although no aneurysm or bleeding source was found, the hematoma was most Figure C) . Neither deposition of β-amyloid peptide nor neurofibrillary tangles, which are characteristic of amyloid angiopathy or Alzheimer's disease, were detected. No other identifiable cause of death was found in any other organ, including the heart and lungs. Although the possibility that vocal cord paralysis or disruption of the respiratory centers as a cause of death was not ruled out, her unexpected death was attributed to SAH.
Discussion
This case suggests the importance of the post-mortem investigation after unexpected death in patients with MSA. This patient's course was consistent with sudden death, which is defined as death of an otherwise unknown etiology occurring less than 24 hours from the onset of symptoms (4). Furthermore, the patient's history of nocturnal stridor with the use of NPPV suggested the likelihood of sudden death caused by vocal cord paralysis or abnormal breathing owing to brainstem degeneration. However, the autopsy revealed SAH.
Without a thorough post-mortem investigation, unexpected death in MSA can easily be misclassified as sudden death due to vocal cord paralysis or neurodegenerative disruption of breathing, especially if the patient has a history of nocturnal stridor or the use of ventilatory assistance. A postmortem investigation is also important in the development of effective strategies to prevent sudden death in MSA. Clinical studies of sudden death in MSA have been performed but are often without comprehensive post-mortem investigations (3). However, patients with MSA often have supine hypertension, which is a risk factor for neurovascular complications, including SAH (5, 6) . Sudden death even after tracheostomy or NPPV may be caused by neurovascular complications of autonomic failure in MSA. To develop effective strategies to prevent sudden death in MSA, excluding possible known structural causes of death is important.
As suggested by this case, a possible association between MSA and SAH requires further investigation. The clinical and pathological assessment in this case were insufficient to explain the mechanism of bleeding. At the autopsy, aneurysm was not detected macroscopically. In addition, amyloid angiopathy was not pathologically observed. Further investigations as to whether or not structural vulnerabilities may occur within the cerebrovascular system in patients with MSA are necessary.
In conclusion, this case suggests the importance of the postmortem investigation of unexpected death in patients with MSA.
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